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(54) AEROGEL PANEL 

(57)Abstract: 

PURPOSE: To obtain an aerogel panel with improved strength 
having translucency while maintaining heat insulating property by 
using a fiber body having heat insulating property as the core 
material and depositing an aerogel having a silica skeleton on the 
core material. 

CONSTITUTION: As for the fiber material 1 having heat insulating 
property as the core material, a multilayered nonwoven fabric (a) 
having translucency, an aggregated fiber block (b) having voids or 
dispersed fibers (c) is used. The core is impregnated with an 
alkoxysilane sol comprising alkoxysilane, water and alcohol. After 
the sol is changed into a gel, the material is dried under 
supercritical conditions higher than the critical point of the solvent 
to produce an aerogel. Thus, the aerogel 2 having a silica skeleton 
deposits on the fiber 1, and thereby, an aerogel panel in such a 
state that the aerogel 2 is reinforced with the fiber material 1 is 
obtd. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The aerogel panel characterized by consisting of aerogel (2) which has the silica frame to which the 
fiber object (1) which has adiathermic as a core material, and this fiber object (1) adhered. 
[Claim 2] The aerogel panel according to claim 1 characterized by the above-mentioned fiber object (1) 
consisting of a multilayer nonwoven fabric which has translucency. 

[Claim 3] The aerogel panel according to claim 1 characterized by the above-mentioned fiber object (1) 
consisting of the massive fiber aggregate which has an opening. 

[Claim 4] The aerogel panel according to claim 1 characterized by consisting of fiber which the above- 
mentioned fiber object (1) distributed. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the aerogel panel which has adiathermic. 
[0002] 

[Description of the Prior Art] The aerogel which has a silica frame as an insulator is known. This aerogel is 
obtained by drying the gel compound of the damp or wet condition which consists of a silica frame which 
hydrolyzes alkoxysilane (it is also independently called a silicon alkoxide and alkyl silicate), and is obtained by 
carrying out condensation polymerization on the supercritical conditions more than the critical point of this 
solvent under existence of solvents, such as alcohol or a liquefaction carbon dioxide, as indicated by U.S. Pat. 
* No. 4402927, U.S. Pat. No. 4432956, and U.S. Pat. No. 4610863. This aerogel is useful as a heat insulator 
which has translucency. However, since reinforcement is small and weak, it is divided, or the aerogel obtained 
by these approaches tends to break, and has a fault with difficult handling, while it is very lightweight 
[0003] 

[Problem(s) to be Solved by the Invention] The place which this invention was made in view of the above- 
mentioned fact, and is made into the purpose maintains adiathermic, and is to offer the aerogel panel whose 
reinforcement improved. 

[0004] Furthermore, the place made into other purposes is to offer the aerogel panel which has translucency. 
[0005] 

[Means for Solving the Problem] The aerogel panel concerning claim 1 of this invention is characterized by 
consisting of aerogel 2 which has the silica frame to which the fiber object 1 which has adiathermic as a core 
material, and this fiber object 1 adhered. 

[0006] The aerogel panel concerning claim 2 of this invention is characterized by the above-mentioned fiber 
object 1 consisting of a multilayer nonwoven fabric which has translucency in an aerogel panel according to 
claim 1 . 

[0007] The aerogel panel concerning claim 3 of this invention is characterized by the above-mentioned fiber 
object 1 consisting of the massive fiber aggregate which has an opening in an aerogel panel according to claim 

[0008] The aerogel panel concerning claim 4 of this invention is characterized by consisting of fiber which the 
above-mentioned fiber object 1 distributed in an aerogel panel according to claim 1. 
[0009] This invention is explained to a detail based on a drawing below. Drawing 1 (a), (b), and (c) are the 
perspective views of the aerogel panel concerning one example of this invention, and drawing 2 , drawing 3 , 
drawin g_4 , and drawing 5 are the schematic diagrams having shown an example of a process which obtains an 
aerogel panel. 

[0010] The aerogel panel of this invention consists of aerogel 2 which has the silica frame to which the fiber ' 
object 1 and this fiber object 1 adhered as a core material. The above-mentioned aerogel 2 is a porous material 
obtained by drying the gel compound of the damp or wet condition which consists of a silica frame which 
hydrolyzed the alkoxysilane compound and was obtained by carrying out condensation polymerization on the 
supercritical conditions more than the critical point of this solvent under existence of solvents, such as alcohol 
or a liquefaction carbon dioxide. 

[001 1] As the above-mentioned alkoxysilane compound used for this invention, the oligomer of 2 organic- 
functions alkoxysilane expressed with a bottom type (** 1), 3 organic-functions alkoxysilane expressed with a 
bottom type (** 2), 4 organic-functions alkoxysilane expressed with a bottom type (** 3), and the alkoxysilane 
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expressed with a bottom type (** 4) is mentioned. 
'[0012] 

[Formula 1] 
R i 
I 

Ri— S i (OR 3) 2 



[0013] Rl, R2, and R3 show the alkyl group or phenyl group of carbon numbers 1-5 mutually-independent 

among [type. Two R3 It may be mutually the same and you may differ. ] 

[0014] 

[Formula 2] 

R4-S i (ORs) 3 

[0015] R4 and R5 show the alkyl group or phenyl group of carbon numbers 1-5 mutually-independent among 

[type. Three R5 It may be mutually the same and you may differ. ] 

[0016] 

[Formula 3] 

Si CO Re) 4 

[0017] R6 shows the alkyl group or phenyl group of carbon numbers 1-5 among [type. Four R6 It may be 
mutually the same and you may differ. ] 
[0018] 
[Formula 4] 

f or \ 



RO 



I 

S i— O 



V OR 



R 



[0019] R shows the alkyl group or phenyl group of carbon numbers 1-5 among [type, and n is an integer which 
shows polymerization degree. However, as long as it is in a structurally stable condition until it starts hydrolysis 
and condensation polymerization, some OR radicals may be permuted by the OH radical. ] 
Specifically as the above-mentioned 2 organic-functions alkoxysilane, dimethyl dimethoxysilane, dimethyl 
diethoxysilane, diphenyl diethoxysilane, diphenyl dimethoxysilane, methylphenyl diethoxysilane, methylphenyl 
dimethoxysilane, diethyl diethoxysilane, diethyl dimethoxysilane, etc. are mentioned. 

[0020] Specifically as the above-mentioned 3 organic-functions alkoxysilane, methyl trimetoxysilane, methyl 
triethoxysilane, ethyl trimethoxysilane, ethyltriethoxysilane, phenyl trimethoxysilane, phenyl triethoxysilane, 
etc. are mentioned. 

[0021] Specifically as the above-mentioned 4 organic-functions alkoxysilane, a tetramethoxy silane, a tetra- 
ethoxy silane, etc. are mentioned. 

[0022] transparent and colorless, although it is desirable that polymerization degree is below ten 
(polymerization degree describes the thing of n as n **** below.) as for the oligomer of the alkoxysilane 
expressed above (** 4) - if liquefied, it will not be limited to this. The oligomer of the above-mentioned 
alkoxysilane does not need to be a compound with this uniform polymerization degree, distribution of 
polymerization degree may exist or the molecular structure may be intermingled by the shape of a chain, the 
letter of branching, and annular. If the stability as matter and the reaction time for producing a gel compound 
are taken into consideration, the thing of 2 - a hexamer is the most desirable. R in the oligomer of the above- 
mentioned alkoxysilane expresses an alkyl group and a phenyl group, and a methyl group (CH3) and its ethyl 
group (C two H5) are the most desirable especially. In the case of the oligomer of a methoxy silane, when 
average molecular weight is OGORIMA of 250-700, and an ethoxy silane, specifically, the oligomer of 300-900 
has the most desirable average molecular weight. 

[0023] In order to hydrolyze the above-mentioned alkoxysilane efficiently and to perform condensation 
polymerization, it is desirable to add a catalyst beforehand to the system of reaction containing alkoxysilane. As 
the above-mentioned catalyst, basic catalysts, such as an acid catalyst of a hydrochloric acid, a citric acid, a 
nitric acid, a sulfuric acid, ammonium fluoride, etc. and ammonia, and a piperidine, are mentioned, for example. 
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' [0024] Furthermore, in order to obtain a uniform gel compound, it is desirable to use mixed liquor with the 
solvent which has compatibility in water and water and dissolves the above-mentioned alkoxysilane in the 
above-mentioned system of reaction. As the above-mentioned solvent, alcohol and acetones, such as a 
methanol, ethanol, isopropanol, and abutanol, an acetonitrile, etc. are mentioned, for example. Alcohol is the 
most desirable when alcohol's generating at hydrolysis of the generation process of a gel compound and a 
polymerization reaction and the supercritical drying mentioned later are taken into consideration. 
[0025] The fiber object 1 which constitutes the aerogel panel of this invention has adiathermic, and organic high 
molecular compounds, such as glass fiber, ceramic fiber, polyester, and a polyamide, are mentioned as the 
quality of the material. These fiber object 1 is used after fiber has only distributed, the multilayer object of a 
nonwoven fabric, the aggregate of massive fiber, and. By using the fiber object 1 for this core material, the 
reinforcement of aerogel 2 is reinforced, and aerogel 2 breaks in the case of handling, or it prevents being 
destroyed. Furthermore, adiathermic [ of aerogel ] is maintainable. The class of fiber object 1 used as the above- 
mentioned core material, a configuration, a consistency, thickness, etc. are suitably chosen from the physical 
properties which the aerogel panel obtained needs. 

[0026] Next, the manufacture approach for obtaining the above-mentioned aerogel panel is explained. In order 
to obtain the above-mentioned aerogel panel, after making the sol-like reaction mixture 3 containing 
alkoxysilane, the above-mentioned solvent, etc. adhere to the above-mentioned fiber object 1 and gelling it, 
supercritical drying is carried out and it produces. 

[0027] An example which obtains the aerogel panel which used as the fiber object 1 the multilayer nonwoven 
fabric 1 1 shown in drawing 1 (a) is shown. The nonwoven fabric 1 1 which has translucency as a fiber object 1 
is used. For thickness, 0.1 -0.5mm and a consistency are [ the above-mentioned nonwoven fabric 1 1 ] 0.1 - 2.0 
g/cm3. It is desirable. The translucency of the above-mentioned nonwoven fabric 1 1 is suitably chosen by the 
application of an aerogel panel. As shown in drawing 2 , after covering the bottom of a container 4 with one 
nonwoven fabric 1 la and slushing the above-mentioned sol-like reaction mixture 3a on this nonwoven fabric 
1 la Before this slushed sol-like reaction mixture 3 gels, nonwoven fabric 1 lb is floated on the top face of this 
sol-like reaction mixture 3, and after the above-mentioned sol-like reaction mixture 3a which carried out the 
style gels, sol-like reaction mixture 3b is slushed on nonwoven fabric 1 lb of the 2nd sheet from a bottom. By 
repeating until the thickness of a request of this is obtained, the layered product which sol-like reaction mixture 
3 gelled between the layers of a nonwoven fabric 1 1 is obtained. If supercritical drying of this layered product is 
carried out, the aerogel panel which used as the fiber object 1 the multilayer nonwoven fabric 1 1 shown in 
drawin g 1 (a) will be obtained. 

[0028] Moreover, as shown in drawing ! , the layered product which sol-like reaction mixture 3 gelled between 
the layers of a nonwoven fabric 1 1 is obtained by opening two or more sheets and spacing 5 in the bottom of a 
container 4, installing a nonwoven fabric 1 1 in it in the cross direction, and making this spacing 5 slush and gel 
the above-mentioned sol-like reaction mixture 3. If supercritical drying of this layered product is carried out, the 
aerogel panel which used as the fiber object 1 the multilayer nonwoven fabric 1 1 shown in drawing 1 (a) will be 
obtained. Since the obtained aerogel panel uses the nonwoven fabric 1 1 which has translucency, its translucency 
is good, while its reinforcement improves and it maintains adiathermic. 

[0029] An example which obtains the aerogel panel which used as the fiber object 1 the massive fiber aggregate 

12 shown in drawing 1 (b) is shown. As a fiber object 1, the massive fiber aggregate 12 which has openings, 
such as glass wool, is used. For the above-mentioned massive fiber aggregate 12, a consistency is 0.005 - 0.5 
g/cm3. The range is desirable. As shown in drawing 4 , the massive fiber aggregate 12 of desired magnitude is 
put into the container 4, the above-mentioned sol-like reaction mixture 3 is slushed in a container 4, and the 
opening of the above-mentioned massive fiber aggregate 12 is filled up with sol-like reaction mixture 3. After 
the above-mentioned sol-like reaction mixture 3 gels, if supercritical drying is performed, the aerogel panel 
which used as the fiber object 1 the massive fiber aggregate 12 shown in drawing 1 (b) will be obtained. 
[0030] An example which obtains the aerogel panel used as the fiber object 1 which consists of dispersed fiber 

13 shown in drawing! (c) is shown. Fiber 13 with a diameter [ of 1-100 micrometers ] and a die length of about 
l-5cm is used. It slushes into a container 4, after carrying out mixed stirring of the above-mentioned sol-like 
reaction mixture 3 and the above-mentioned fiber 13 beforehand, as shown in drawing 5 . The loadings of the 
above-mentioned fiber 13 have 5 - 30 desirable % of the weight to the aerogel panel obtained. After the above- 
mentioned sol-like reaction mixture 3 gels, if supercritical drying is performed, the aerogel panel used as the 
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fiber object 1 which consists of dispersed fiber 13 shown in drawing 1 (c) will be obtained. 
[0031] When hydrophobing processing is performed in the case of supercritical drying before the above- 
mentioned supercritical drying, degradation of the dimensional change by moisture absorption of an aerogel 
panel etc. can be prevented, and it is desirable. The above-mentioned hydrophobing processing permutes the 
hydrophilic group on the front face of a silica by the hydrophobic group, and uses the hydrophobing processing 
agent which has the functional group which reacts to a silanol group, and a hydrophobic group. Organic silane 
compounds, such as hexamethyldisilazane, hexa methyl disiloxane, trimethylchlorosilane, a trimethyl methoxy 
silane, a trimethyl ethoxy silane, a triethyl ethoxy silane, a triethyl methoxy silane, dimethyldichlorosilane, 
dimethyl diethoxysilane, methyltrichlorosilane, and ethyl trichlorosilane, are mentioned, and, specifically, as for 
the above-mentioned hydrophobing processing agent, organic compounds, such as carboxylic acids, such as an 
acetic acid, formic acid, and a succinic acid, and alkyl halides, such as methyl chloride, are mentioned besides 
this. A hydrophobing processing agent may use only one sort and may use two or more sorts. 
[0032] As a solvent used in case supercritical drying of the fiber object 1 to which the above-mentioned gel 
compound adhered is carried out, independent or two or more sorts of mixed stock, such as ethanol, a methanol, 
a dichlorodifluoromethane, a carbon dioxide, and water, are mentioned, for example. 

[0033] When using the above-mentioned solvent independently, generally, the gel compound which performed 
the solvent permutation is put into the above-mentioned solvent and the same solvent together into proof- 
pressure containers, such as an autoclave, the inside of a container is raised to the temperature more than the 
critical point of this solvent, and a pressure, the solvent contained in the gel compound is removed gradually, 
and, finally desiccation is ended by [ of the condition of ordinary temperature ordinary pressure ] returning. 
When using the above-mentioned solvent by two or more sorts of mixing, the solvent contained in a gel 
compound dissolves in the solvent mixed within the proof-pressure container. The above-mentioned gel 
compound is made to coexist in the same solvent as the approach of raising a pressure and temperature so that it 
may be in a supercritical condition in the state of 1 phase, and the solvent contained in a gel compound within a 
proof-pressure container. Since the solvent in a gel compound is permuted by another soluble high solvent in 
the state of high pressure and the permutation of a solvent is completed mostly, it changes into the supercritical 
condition of the above-mentioned solvent, and there is a method of removing the solvent contained in the gel 
compound etc. 
[0034] 

[Function] The fiber object 1 reinforces the reinforcement of aerogel 2 as a core material, aerogel 2 breaks in 

the case of handling, or it prevents being destroyed while it maintains adiathermic, since the aerogel panel 

concerning claim 1 of this invention consists of aerogel 2 which has the silica frame to which the fiber object 1 

which has adiathermic as a core material, and this fiber object 1 adhered. 

[0035] 

[Example] 

The oligomer (COL coat incorporated company make: methyl silicate 51, average molecular weight 470) of a 
tetramethoxy silane was used as example 1 alkoxysilane, and 0.01 mols [/l. ] aqueous ammonia was used as a 
solvent as ethanol (reagent chemicals by Nakarai Tesuku, Inc.), water, and a catalyst. The sol-like reaction 
mixture which blended 120 mols and water by 20 mols, and blended [ the oligomer of the above-mentioned 
tetramethoxy silane ] aqueous ammonia for one mol and ethanol by the ratio of 2.16 mols was obtained. 
[0036] As a fiber object, the nonwoven fabric (the.Kureha tech incorporated company make: die nak S-020) of 
0.15mm in thickness and specific gravity 1.08 was used. The bottom of a container was covered with one sheet 
of this nonwoven fabric, and the above-mentioned sol-like reaction mixture was slushed. After it floated the 
nonwoven fabric of the 2nd sheet on the sol-like reaction mixture slushed after [ of abbreviation ] 2 minutes and 
previous sol-like reaction mixture gelled, sol-like reaction mixture was slushed on the nonwoven fabric of the 
2nd sheet. Floated the nonwoven fabric of the 3rd sheet on the sol-like reaction mixture slushed after [ of 
abbreviation ] 2 minutes, it was made to put and gel at a room temperature, and the layered product of a gel 
compound and a nonwoven fabric was obtained. The thickness of this layered product was 8mm. 
[0037] Next, a proof-pressure container is used and they are 18 degrees C and the pressure of 55kg/cm2 about 
this layered product. It put in into the liquefaction carbon dioxide and actuation of permuting the ethanol in a 
gel compound by the carbon dioxide was performed for 3 hours. The temperature of 80 degrees C and the 
pressure of 160kg/cm2 which are the supercritical conditions of a carbon dioxide about the inside of a proof- 
pressure container after that It carried out and solvent removal was performed for 48 hours. Add 
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hexamethyldisilazane in the ambient atmosphere of this supercritical condition at a rate of 0.3 mols/1. as a 
hydrophobing processing agent, and it was made to diffuse a hydrophobing processing agent in supercritical 
fluid over 2 hours, into this supercritical fluid, the gel compound was left and hydrophobing was given. Then, it 
decompressed, after circulating the carbon dioxide of a supercritical condition, and the ethanol and the 
hydrophobing processing agent which are contained in a gel compound were removed. The time amount from a 
hydrophobing processing agent injection to reduced pressure required 1 5 hours. Then, it took out from the 
proof-pressure container and the aerogel panel was obtained, this aerogel panel -- thickness -- 8mm and bulk 
density - 0.086 g/cm3 it was . 

[0038] The aerogel panel was obtained like the example 1 except having obtained the layered product with a 
thickness of 8.0mm which made three layers the gel compound of example 2 example 1, and made the 
nonwoven fabric four layers, this aerogel panel « thickness - 8mm and bulk density - 0.1 15 g/cm3 it was . 
[0039] As an example 3 fiber object, they are 0.8mm in thickness, and consistency 0.01 g/cm3. Glass wool 
(NIPPON MUKI [ CO., LTD. ] make: super fine SPF-210) was used. After putting this glass wool into a 
container and slushing the same sol-like reaction mixture as an example 1, it was made to put and gel at a room 
temperature. Supercritical drying was performed on the same conditions as an example 1 after that, and the 
aerogel panel was obtained, this aerogel panel - thickness - 8mm and bulk density - 0.055 g/cm3 it was . 
[0040] In example 4 example 3, the aerogel panel was obtained like the example 3 except having not performed 
hydrophobing processing on the occasion of supercritical drying, this aerogel panel - thickness - 8mm and 
bulk density -- 0.051 g/cm3 it was . 

[0041] The oligomer (COL coat incorporated company make: methyl silicate 51, average molecular weight 
470) of a tetramethoxy silane was used as example 5 alkoxysilane, and 0.01 mols [/l. ] aqueous ammonia was 
used as a solvent as ethanol (reagent by Nakarai Tesuku, Inc.), water, and a catalyst. The sol-like reaction 
mixture which blended 50 mols and water by 20 mols, and blended [ the oligomer of the above-mentioned 
tetramethoxy silane ] aqueous ammonia for one mol and ethanol by the ratio of 0.22 mols was obtained. The 
aerogel panel was obtained like the example 3 except having used the above-mentioned sol-like reaction 
mixture, this aerogel panel - thickness - 8mm and bulk density - 0.121 g/cm3 it was . 
[0042] The same sol-like reaction mixture as example 6 example 1 was used. Fiber with a die length of 20mm 
was mixed and stirred at a rate of the 0.1 weight section and the above-mentioned sol-like reaction mixture 14 
weight section, and it slushed into the container. Supercritical drying was carried out on the same conditions as 
an example 1 after gelation, and the aerogel panel was obtained. The rate of the above-mentioned fiber became 
12 % of the weight to the obtained aerogel panel, moreover, this aerogel panel - thickness - 8mm and bulk 
density - 0.051 g/cm3 it was . 

[0043] After obtaining a gel compound using the same sol-like reaction mixture as example of comparison 1 
example 1, supercritical drying was carried out on the same conditions as an example 1, and aerogel was 
obtained, this aerogel - thickness - 8mm and bulk density - 0.045 g/cm3 it was . 

After obtaining a gel compound using the same sol-like reaction mixture as example of comparison 2 example 
5, supercritical drying was carried out on the same conditions as an example 5, and aerogel was obtained, this 
aerogel - thickness - 8mm and bulk density - 0.085 g/cm3 it was . 

[0044] It evaluated the aerogel panel of the acquired examples 1-6, the reinforcement of the aerogel of the 
examples 1-2 of a comparison, and adiathermic. Flexural strength was measured as reinforcement. Thermal 
conductivity was measured as adiathermic. The above-mentioned thermal conductivity measured the thermal 
conductivity of 20 degrees C - 40 degrees C based on ASTM-C518 using the Hidehiro energy machine 
incorporated company make and thermal conductivity measuring apparatus. 

[0045] As for the example, adiathermic was maintained and it was checked that reinforcement is improving as 
the result was shown in Table 1 . 
[0046] 
[Table 1] 
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rife * 

on U Mfll 

(kg/c« a ) 


(Kcal/uht) 




2.4 0 


0.014 




3.18 


0.015 


£80113 


1.86 


0.016 


£809 4 


1.77 


0.016 


saw 5 


3.5 6 


0.014 


JU&04 6 


0.32 


0.013 


lt««1 


0.05 


0.013 




0.0 9 


0.010 



[0047] The light transmittance of the aerogel panel of the acquired examples 1, 2, and 6 and the aerogel of the 
examples 1-2 of a comparison was measured. The above-mentioned light transmittance measured the spectral 
distribution of a light region, and asked for light permeability based on JIS-R3106. It was checked by the result 



[0048] 
Table 2] 






H2fefl1 


7 0 


£tt*l2 


5 0 




8 1 




9 2 


tfctt«2 


9 3 



[0049] 

[Effect of the Invention] The aerogel panel concerning claim 1 thru/or claim 4 of this invention maintains 
adiathermic, and reinforcement is excellent. 

[0050] Furthermore, especially the aerogel panel concerning claim 2 of this invention or claim 4 has 
translucency. 

[0051] The aerogel panel of this invention is useful for applications, such as a heat insulator, an acoustic 
material, and catalyst support. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to the aerogel panel which has adiathermic. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



10/15/2004 



* NOTICES * 



Page 1 of 1 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] The aerogel which has a silica frame as an insulator is known. This aerogel is 
obtained by drying the gel compound of the damp or wet condition which consists of a silica frame which 
hydrolyzes alkoxysilane (it is also independently called a silicon alkoxide and alkyl silicate), and is obtained by 
carrying out condensation polymerization on the supercritical conditions more than the critical point of this 
solvent under existence of solvents, such as alcohol or a liquefaction carbon dioxide, as indicated by U.S. Pat. 
No. 4402927, U.S. Pat. No. 4432956, and U.S. Pat. No. 4610863. This aerogel is useful as a heat insulator 
which has translucency. However, since reinforcement is small and weak, it is divided, or the aerogel obtained 
by these approaches tends to break, and has a fault with difficult handling, while it is very lightweight. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] The aerogel panel concerning claim 1 thru/or claim 4 of this invention maintains 
adiathermic, and reinforcement is excellent. 

[0050] Furthermore, especially the aerogel panel concerning claim 2 of this invention or claim 4 has 
translucency. 

[0051] The aerogel panel of this invention is useful for applications, such as a heat insulator, an acoustic 
material, and catalyst support. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The place which this invention was made in view of the above- 
mentioned fact, and is made into the purpose maintains adiathermic, and is to offer the aerogel panel whose 
reinforcement improved. 

[0004] Furthermore, the place made into other purposes is to offer the aerogel panel which has translucency. 
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MEANS 



[Means for Solving the Problem] The aerogel panel concerning claim 1 of this invention is characterized by 
consisting of aerogel 2 which has the silica frame to which the fiber object 1 which has adiathermic as a core 
material, and this fiber object 1 adhered. 

[0006] The aerogel panel concerning claim 2 of this invention is characterized by the above-mentioned fiber 
object 1 consisting of a multilayer nonwoven fabric which has translucency in an aerogel panel according to 
claim 1. 

[0007] The aerogel panel concerning claim 3 of this invention is characterized by the above-mentioned fiber 
object 1 consisting of the massive fiber aggregate which has an opening in an aerogel panel according to claim 

[0008] The aerogel panel concerning claim 4 of this invention is characterized by consisting of fiber which the 
above-mentioned fiber object 1 distributed in an aerogel panel according to claim 1. 
[0009] This invention is explained to a detail based on a drawing below. Drawing 1 (a), (b), and (c) are the 
perspective views of the aerogel panel concerning one example of this invention, and drawing 2 , drawing 3 , 
drawing^ , and drawing ^ are the schematic diagrams having shown an example of a process which obtains an 
aerogel panel. 

[0010] The aerogel panel of this invention consists of aerogel 2 which has the silica frame to which the fiber 
object 1 and this fiber object 1 adhered as a core material. The above-mentioned aerogel 2 is a porous material 
obtained by drying the gel compound of the damp or wet condition which consists of a silica frame which 
hydrolyzed the alkoxysilane compound and was obtained by carrying out condensation polymerization on the 
supercritical conditions more than the critical point of this solvent under existence of solvents, such as alcohol 
or a liquefaction carbon dioxide. 

[001 1] As the above-mentioned alkoxysilane compound used for this invention, the oligomer of 2 organic- 
functions alkoxysilane expressed with a bottom type (** 1), 3 organic-functions alkoxysilane expressed with a 
bottom type (** 2), 4 organic-functions alkoxysilane expressed with a bottom type (** 3), and the alkoxysilane 
expressed with a bottom type (** 4) is mentioned. 
[0012] 

[Formula 1] 

R i 

R2— S i (OR3) 2 

[0013] Rl, R2, and R3 show the alkyl group or phenyl group of carbon numbers 1-5 mutually-independent 

among [type. Two R3 It may be mutually the same and you may differ. ] 

[0014] 

[Formula 2] 

R4 — S i (ORs) 3 

[0015] R4 and R5 show the alkyl group or phenyl group of carbon numbers 1-5 mutually-independent among 

[type. Three R5 It may be mutually the same and you may differ. ] 

[0016] 

[Formula 3] 

S i (OR 6) 4 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



10/15/2004 



Page 2 of 4 



[0017] R6 shows the alkyl group or phenyl group of carbon numbers 1-5 among [type. Four R6 It may be 
mutually the same and you may differ. ] 
[0018] 
[Formula 4] 



[0019] R shows the alkyl group or phenyl group of carbon numbers 1-5 among [type, and n is an integer which 

shows polymerization degree. However, as long as it is in a structurally stable condition until it starts hydrolysis 

and condensation polymerization, some OR radicals may be permuted by the OH radical. ] 

Specifically as the above-mentioned 2 organic-functions alkoxysilane, dimethyl dimethoxysilane, dimethyl 

diethoxysilane, diphenyl diethoxysilane, diphenyl dimethoxysilane, methylphenyl diethoxysilane, methylphenyl 

dimethoxysilane, diethyl diethoxysilane, diethyl dimethoxysilane, etc. are mentioned. 

[0020] Specifically as the above-mentioned 3 organic-functions alkoxysilane, methyl trimetoxysilane, methyl 

triethoxysilane, ethyl trimethoxysilane, ethyltriethoxysilane, phenyl trimethoxysilane, phenyl triethoxysilane, 

etc. are mentioned. 

[0021] Specifically as the above-mentioned 4 organic-functions alkoxysilane, a tetramethoxy silane, a tetra- 
ethoxy silane, etc. are mentioned. 

[0022] transparent and colorless, although it is desirable that polymerization degree is below ten 
(polymerization degree describes the thing of n as n **** below.) as for the oligomer of the alkoxysilane 
expressed above (** 4) - if liquefied, it will not be limited to this. The oligomer of the above-mentioned 
alkoxysilane does not need to be a compound with this uniform polymerization degree, distribution of 
polymerization degree may exist or the molecular structure may be intermingled by the shape of a chain, the 
letter of branching, and annular. If the stability as matter and the reaction time for producing a gel compound 
are taken into consideration, the thing of 2 - a hexamer is the most desirable. R in the oligomer of the above- 
mentioned alkoxysilane expresses an alkyl group and a phenyl group, and a methyl group (CH3) and its ethyl 
group (C two H5) are the most desirable especially. In the case of the oligomer of a methoxy silane, when 
average molecular weight is OGORIMA of 250-700, and an ethoxy silane, specifically, the oligomer of 300-900 
has the most desirable average molecular weight. 

[0023] In order to hydrolyze the above-mentioned alkoxysilane efficiently and to perform condensation 
polymerization, it is desirable to add a catalyst beforehand to the system of reaction containing alkoxysilane. As 
the above-mentioned catalyst, basic catalysts, such as an acid catalyst of a hydrochloric acid, a citric acid, a 
nitric acid, a sulfuric acid, ammonium fluoride, etc. and ammonia, and a piperidine, are mentioned, for example. 

[0024] Furthermore, in order to obtain a uniform gel compound, it is desirable to use mixed liquor with the 
solvent which has compatibility in water and water and dissolves the above-mentioned alkoxysilane in the 
above-mentioned system of reaction. As the above-mentioned solvent, alcohol and acetones, such as a 
methanol, ethanol, isopropanol, and a butanol, an acetonitrile, etc. are mentioned, for example. Alcohol is the 
most desirable when alcohol's generating at hydrolysis of the generation process of a gel compound and a 
polymerization reaction and the supercritical drying mentioned later are taken into consideration. 
[0025] The fiber object 1 which constitutes the aerogel panel of this invention has adiathermic, and organic high 
molecular compounds, such as glass fiber, ceramic fiber, polyester, and a polyamide, are mentioned as the 
quality of the material. These fiber object 1 is used after fiber has only distributed, the multilayer object of a 
nonwoven fabric, the aggregate of massive fiber, and. By using the fiber object 1 for this core material, the 
reinforcement of aerogel 2 is reinforced, and aerogel 2 breaks in the case of handling, or it prevents being 
destroyed. Furthermore, adiathermic [ of aerogel ] is maintainable. The class of fiber object 1 used as the above- 
mentioned core material, a configuration, a consistency, thickness, etc. are suitably chosen from the physical 
properties which the aerogel panel obtained needs. 

[0026] Next, the manufacture approach for obtaining the above-mentioned aerogel panel is explained. In order 
to obtain the above-mentioned aerogel panel, after making the sol-like reaction mixture 3 containing 
alkoxysilane, the above-mentioned solvent, etc. adhere to the above-mentioned fiber object 1 and gelling it, 
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supercritical drying is carried out and it produces. 

[0027] An example which obtains the aerogel panel which used as the fiber object 1 the multilayer nonwoven 
fabric 1 1 shown in drawing 1 (a) is shown. The nonwoven fabric 1 1 which has translucency as a fiber object 1 
is used. For thickness, 0.1 -0.5mm and a consistency are [ the above-mentioned nonwoven fabric 1 1 ] 0.1 - 2.0 
g/cm3. It is desirable. The translucency of the above-mentioned nonwoven fabric 1 1 is suitably chosen by the 
application of an aerogel panel. As shown in drawing 2 , after covering the bottom of a container 4 with one 
nonwoven fabric 11a and slushing the above-mentioned sol-like reaction mixture 3 a on this nonwoven fabric 
11a Before this slushed sol-like reaction mixture 3 gels, nonwoven fabric 1 lb is floated on the top face of this 
sol-like reaction mixture 3, and after the above-mentioned sol-like reaction mixture 3a which carried out the 
style gels, sol-like reaction mixture 3b is slushed on nonwoven fabric 1 lb of the 2nd sheet from a bottom. By 
repeating until the thickness of a request of this is obtained, the layered product which sol-like reaction mixture 
3 gelled between the layers of a nonwoven fabric 1 1 is obtained. If supercritical drying of this layered product is 
carried out, the aerogel panel which used as the fiber object 1 the multilayer nonwoven fabric 1 1 shown in 
drawing 1 (a) will be obtained. 

[0028] Moreover, as shown in drawing 3 , the layered product which sol-like reaction mixture 3 gelled between 
the layers of a nonwoven fabric 1 1 is obtained by opening two or more sheets and spacing 5 in the bottom of a 
container 4, installing a nonwoven fabric 1 1 in it in the cross direction, and making this spacing 5 slush and gel 
the above-mentioned sol-like reaction mixture 3. If supercritical drying of this layered product is carried out, the 
aerogel panel which used as the fiber object 1 the multilayer nonwoven fabric 1 1 shown in drawing 1 (a) will be 
obtained. Since the obtained aerogel panel uses the nonwoven fabric 1 1 which has translucency, its translucency 
is good, while its reinforcement improves and it maintains adiathermic. 

[0029] An example which obtains the aerogel panel which used as the fiber object 1 the massive fiber aggregate 

12 shown in drawing 1 (b) is shown. As a fiber object 1, the massive fiber aggregate 12 which has openings, 
such as glass wool, is used. For the above-mentioned massive fiber aggregate 12, a consistency is 0.005 - 0.5 
g/cm3. The range is desirable. As shown in drawing 4 , the massive fiber aggregate 12 of desired magnitude is 
put into the container 4, the above-mentioned sol-like reaction mixture 3 is slushed in a container 4, and the 
opening of the above-mentioned massive fiber aggregate 12 is filled up with sol-like reaction mixture 3. After 
the above-mentioned sol-like reaction mixture 3 gels, if supercritical drying is performed, the aerogel panel 
which used as the fiber object 1 the massive fiber aggregate 12 shown in drawing 1 (b) will be obtained. 
[0030] An example which obtains the aerogel panel used as the fiber object 1 which consists of dispersed fiber 

13 shown in drawing 1 (c) is shown. Fiber 13 with a diameter [ of 1-100 micrometers ] and a die length of about 
l-5cm is used. It slushes into a container 4, after carrying out mixed stirring of the above-mentioned sol-like 
reaction mixture 3 and the above-mentioned fiber 13 beforehand, as shown in drawing 5 . The loadings of the 
above-mentioned fiber 13 have 5-30 desirable % of the weight to the aerogel panel obtained. After the above- 
mentioned sol-like reaction mixture 3 gels, if supercritical drying is performed, the aerogel panel used as the 
fiber object 1 which consists of dispersed fiber 13 shown in drawing 1 (c) will be obtained. 

[0031] When hydrophobing processing is performed in the case of supercritical drying before the above- 
mentioned supercritical drying, degradation of the dimensional change by moisture absorption of an aerogel 
panel etc. can be prevented, and it is desirable. The above-mentioned hydrophobing processing permutes the 
hydrophilic group on the front face of a silica by the hydrophobic group, and uses the hydrophobing processing 
agent which has the functional group which reacts to a silanol group, and a hydrophobic group. Organic silane 
compounds, such as hexamethyldisilazane, hexa methyl disiloxane, trimethylchlorosilane, a trimethyl methoxy 
silane, a trimethyl ethoxy silane, a triethyl ethoxy silane, a triethyl methoxy silane, dimethyldichlorosilane, 
dimethyl diethoxysilane, methyltrichlorosilane, and ethyl trichlorosilane, are mentioned, and, specifically, as for 
the above-mentioned hydrophobing processing agent, organic compounds, such as carboxylic acids, such as an 
acetic acid, formic acid, and a succinic acid, and alkyl halides, such as methyl chloride, are mentioned besides 
this. A hydrophobing processing agent may use only one sort and may use two or more sorts. 
[0032] As a solvent used in case supercritical drying of the fiber object 1 to which the above-mentioned gel 
compound adhered is carried out, independent or two or more sorts of mixed stock, such as ethanol, a methanol, 
a dichlorodifluoromethane, a carbon dioxide, and water, are mentioned, for example. 

[0033] When using the above-mentioned solvent independently, generally, the gel compound which performed 
the solvent permutation is put into the above-mentioned solvent and the same solvent together into proof- 
pressure containers, such as an autoclave, the inside of a container is raised to the temperature more than the 
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critical point of this solvent, and a pressure, the solvent contained in the gel compound is removed gradually, 
and, finally desiccation is ended by [ of the condition of ordinary temperature ordinary pressure ] returning. 
When using the above-mentioned solvent by two or more sorts of mixing, the solvent contained in a gel 
compound dissolves in the solvent mixed within the proof-pressure container. The above-mentioned gel 
compound is made to coexist in the same solvent as the approach of raising a pressure and temperature so that it 
may be in a supercritical condition in the state of 1 phase, and the solvent contained in a gel compound within a 
proof-pressure container. Since the solvent in a gel compound is permuted by another soluble high solvent in 
the state of high pressure and the permutation of a solvent is completed mostly, it changes into the supercritical 
condition of the above-mentioned solvent, and there is a method of removing the solvent contained in the gel 
compound etc. 
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OPERATION 



[Function] The fiber object 1 reinforces the reinforcement of aerogel 2 as a core material, aerogel 2 breaks in 
the case of handling, or it prevents being destroyed while it maintains adiathermic, since the aerogel panel 
concerning claim 1 of this invention consists of aerogel 2 which has the silica frame to which the fiber object 1 
which has adiathermic as a core material, and this fiber object 1 adhered. 
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EXAMPLE 



[Example] 

The oligomer (COL coat incorporated company make: methyl silicate 51 , average molecular weight 470) of a 
tetramethoxy silane was used as example 1 alkoxysilane, and 0.01 mols [/l. ] aqueous ammonia was used as a 
solvent as ethanol (reagent chemicals by Nakarai Tesuku, Inc.), water, and a catalyst. The sol-like reaction 
mixture which blended 120 mols and water by 20 mols, and blended [ the oligomer of the above-mentioned 
tetramethoxy silane ] aqueous ammonia for one mol and ethanol by the ratio of 2.16 mols was obtained. 
[0036] As a fiber object, the nonwoven fabric (the Kureha tech incorporated company make: die nak S-020) of 
0.15mm in thickness and specific gravity 1.08 was used. The bottom of a container was covered with one sheet 
of this nonwoven fabric, and the above-mentioned sol-like reaction mixture was slushed. After it floated the 
nonwoven fabric of the 2nd sheet on the sol-like reaction mixture slushed after [ of abbreviation ] 2 minutes and 
previous sol-like reaction mixture gelled, sol-like reaction mixture was slushed on the nonwoven fabric of the 
2nd sheet. Floated the nonwoven fabric of the 3rd sheet on the sol-like reaction mixture slushed after [ of 
abbreviation ] 2 minutes, it was made to put and gel at a room temperature, and the layered product of a gel 
compound and a nonwoven fabric was obtained. The thickness of this layered product was 8mm. 
[0037] Next, a proof-pressure container is used and they are 18 degrees C and the pressure of 55kg/cm2 about 
this layered product. It put in into the liquefaction carbon dioxide and actuation of permuting the ethanol in a 
gel compound by the carbon dioxide was performed for 3 hours. The temperature of 80 degrees C and the 
pressure of 160kg/cm2 which are the supercritical conditions of a carbon dioxide about the inside of a proof- 
pressure container after that It carried out and solvent removal was performed for 48 hours. Add 
hexamethyldisilazane in the ambient atmosphere of this supercritical condition at a rate of 0.3 mols/1. as a 
hydrophobing processing agent, and it was made to diffuse a hydrophobing processing agent in supercritical 
fluid over 2 hours, into this supercritical fluid, the gel compound was left and hydrophobing was given. Then, it 
decompressed, after circulating the carbon dioxide of a supercritical condition, and the ethanol and the 
hydrophobing processing agent which are contained in a gel compound were removed. The time amount from a 
hydrophobing processing agent injection to reduced pressure required 15 hours. Then, it took out from the 
proof-pressure container and the aerogel panel was obtained, this aerogel panel - thickness - 8mm and bulk 
density - 0.086 g/cm3 it was . 

[0038] The aerogel panel was obtained like the example 1 except having obtained the layered product with a 
thickness of 8.0mm which made three layers the gel compound of example 2 example 1, and made the 
nonwoven fabric four layers, this aerogel panel - thickness - 8mm and bulk density - 0.1 15 g/cm3 it was . 
[0039] As an example 3 fiber object, they are 0.8mm in thickness, and consistency 0.01 g/cm3. Glass wool 
(NIPPON MUKJ [ CO., LTD. ] make: super fine SPF-210) was used. After putting this glass wool into a 
container and slushing the same sol-like reaction mixture as an example 1, it was made to put and gel at a room 
temperature. Supercritical drying was performed on the same conditions as an example 1 after that, and the 
aerogel panel was obtained, this aerogel panel - thickness - 8mm and bulk density - 0.055 g/cm3 it was . 
[0040] In example 4 example 3, the aerogel panel was obtained like the example 3 except having not performed 
hydrophobing processing on the occasion of supercritical drying, this aerogel panel - thickness - 8mm and 
bulk density - 0.051 g/cm3 it was . 

[0041] The oligomer (COL coat incorporated company make: methyl silicate 51, average molecular weight 
470) of a tetramethoxy silane was used as example 5 alkoxysilane, and 0.01 mols [/I ] aqueous ammonia was 
used as a solvent as ethanol (reagent by Nakarai Tesuku, Inc.), water, and a catalyst. The sol-like reaction 
mixture which blended 50 mols and water by 20 mols, and blended [ the oligomer of the above-mentioned 
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tetramethoxy silane ] aqueous ammonia for one mol and ethanol by the ratio of 0.22 mols was obtained. The 
aerogel panel was obtained like the example 3 except having used the above-mentioned sol-like reaction 
mixture, this aerogel panel - thickness - 8mm and bulk density - 0.121 g/cm3 it was . 
[0042] The same sol-like reaction mixture as example 6 example 1 was used. Fiber with a die length of 20mm 
was mixed and stirred at a rate of the 0.1 weight section and the above-mentioned sol-like reaction mixture 14 
weight section, and it slushed into the container. Supercritical drying was carried out on the same conditions as 
an example 1 after gelation, and the aerogel panel was obtained. The rate of the above-mentioned fiber became 
12 % of the weight to the obtained aerogel panel, moreover, this aerogel panel - thickness - 8mm and bulk 
density - 0.051 g/cm3 it was . 

[0043] After obtaining a gel compound using the same sol-like reaction mixture as example of comparison 1 
example 1, supercritical drying was carried out on the same conditions as an example 1, and aerogel was 
obtained, this aerogel - thickness - 8mm and bulk density - 0.045 g/cm3 it was . 

After obtaining a gel compound using the same sol-like reaction mixture as example of comparison 2 example 
5, supercritical drying was carried out on the same conditions as an example 5, and aerogel was obtained, this 
aerogel - thickness - 8mm and bulk density — 0.085 g/cm3 it was . 

[0044] It evaluated the aerogel panel of the acquired examples 1-6, the reinforcement of the aerogel of the 
examples 1-2 of a comparison, and adiathermic. Flexural strength was measured as reinforcement. Thermal 
conductivity was measured as adiathermic. The above-mentioned thermal conductivity measured the thermal 
conductivity of 20 degrees C - 40 degrees C based on ASTM-C518 using the Hidehiro energy machine 
incorporated company make and thermal conductivity measuring apparatus. 

[0045] As for the example, adiathermic was maintained and it was checked that reinforcement is improving as 
the result was shown in Table 1 . 



[0046] 
Table 1] 




tttras 

(kg/c« a ) 


(Kcal/uht) 




2.4 0 


0.014 




3. 1 8 


0.015 




1 . 8 fi 


0 . 0 1 G 




1.77 


0.016 


£«M5 


3.56 


0.014 


S1&09 6 


0.32 


0.013 




0.05 


0.013 




0.0 9 


0.010 



[0047] The light transmittance of the aerogel panel of the acquired examples 1, 2, and 6 and the aerogel of the 
examples 1-2 of a comparison was measured. The above-mentioned light transmittance measured the spectral 
distribution of a light region, and asked for light permeability based on JIS-R3106. It was checked by the result 
as Table 2 that the aerogel panel of examples 1, 2, and 6 has translucency. 
[0048] 
[Table 2] 
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7 0 




5 0 
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8 1 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) is the perspective view of the aerogel panel concerning one example of this invention, (b) is the 
perspective view of the aerogel panel concerning other examples of this invention, and (c) is the perspective 
view of the aerogel panel concerning other examples of this invention. 

[Drawing 2] It is the schematic diagram having shown an example of a process which obtains the aerogel panel 
of this invention. 

[Drawing^,] It is the schematic diagram having shown an example of a process which obtains the aerogel panel 
of this invention. 

[Drawing 4] It is the schematic diagram having shown an example of a process which obtains the aerogel panel 
of this invention. 

[Drawing 5] It is the schematic diagram having shown an example of a process which obtains the aerogel panel 
of this invention. 
[Description of Notations] 

1 Fiber Object 

2 Aerogel 

3 Sol-like Reaction Mixture 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 




[Drawing 3] 
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ADVANTAGE - The panels are heat - insulating , having good mechanical strength. 
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